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INTRODUCTIOR

Current empirical models of the low-latitude ifonospheric F-region (Llewellyn
and Bent, 1973; Chiu, 1975; Rawer, 1981) severely underestimate the daytime
rlasma density scale-height and total electron content (TEC) when compared with
actual observations. As illustrated in Figure 1, the International Reference
Ionosphere (IR1) described by Rawer (1981) yields daytime TEC values which are
50% lower than observed TEC values at Manila (dip, 14.5°N) ino January, 1982.

Some improvement occurs when the Bent topside wodel is incorporated with the IRI
but the predicted values are still lower thar observed. Substantial improvement
is achieved when theoretically calculated profiles (Anderson, 1973) are used to
predict TEC values. The reason is that vertical plasma transport by upward ExB
drift produces both topside and bottomside profiles which are much broader
(thicker) than Chapman-like profiles. To illustrate this point, Figore 2 ghows a
comparison between a theoretically-calculated, moontise electron density profile
and the predicted IRI-Bent profile.

To calculate electron density profiles whenever they are needed, however, is
prohibitively time—consuming on even the fastest computer. A snique solution to
this problem is to theoretically cslculate electron density profiles as a function
of latftude snd local time and then geperate coefficients which reproduce these

profiles. The coefficients themselves are sasily stored, quickly retrieved and
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form the basis for a fast, portable, semi-empirical computer code which will

produce realistic, low-latitude F-region electron demsity profiles.

DISCUSSION

Using the techniques described by Anderson (1973), electron densities as a
function of altitude, latitude and local time are calculated by solving the time-
dependent fon (O+) continuity equation numerically. The effects of production by
photo—ionization, loss through charge exchange with Ny and O and transport by
diffusion, neutral winds and vertical ExB drift are included. Because ExB drifts
play such an important role in determining the e}ectron density distribution and
have a seasonal and solar cycle dependence, the calculations are carried out for
equinox and solstice conditions for both solar cycle maximum and minimum periods.
The ExB drift models are patterped after Jicamarcs incoherent scatter radar drift
observations as reported by Fejer (1981). Other input parameters include the
MSIS neutral atmosphere model (Bedin et al., 1977), loss rates determined by Torr
and Torr (1979) and appropriate production rates from Torr et al. (1979). A
peutral wind model is derived fros a mnumber of sources including Dickinson et al.
(1981) and Sipler et al. (1983). -

Once electron density profiles are obtained they are normalized to the peak
electron density, KMAX(F2) and the coefficients which reproduce the normalized
profiles are stored. Appropriate coefficients which generate electron density
profiles (200-1000 km) every half-hour local time and every 2° dip latitude
betveen 26°K and 26°S dip latitude are calculated. To regenmerate density profiles
internally, MMAX(PF2) is specified unsing the CCIR (1978) coefficients.

Being able to quickly generate realistic electron density profiles has a
mmber of applications. BResides providing diurnal TEC values st any specified
dip latitude or slant path, this model could be used to specify the ambient




fonosphere into which chemical relesse experimwents would be performed. This
model would give the initial conditions to be used by any chemical release code
to determine airglow intensities, percent plasma reduction, size of the depleted
region, etc. 1In addition, such a model would yield flux-tube integrated Pedersen
conductivity and electron content values which are important in determining and
predicting low-latitude, instability growth rates. Finally, the program would be
capable of supplying airglow intensities both in the vertical and at any slant
viewing angle desired. It could thus determine the correlation between TEC values
and say, 7774 A airglow intensity which could provide “all sky™ TEC values from

all-sky 7774 airglov maps.

Acknowledgments: This research was supported in part by AFGL Contract

F19628-81~-K0051.




REFERENCES

Aanderson, D.N., A theoretical study of the ionospberic F-region equatorial anomaly.
II. Results in the American and Asian sectors, Planet. Space Sci., 21, 421,
1973.

‘ Chiu, Y.T., An improved phenomenological model of fonospheric density, J. Atmos.
Terr. Phys., 37, 341, 1975.

Dickinson, R.E., E.C. Ridley, and R.G. Roble, A three—dimensional general
circulation wodel of the thermosphere, J. Geophys. Res., 86, 1499, 1981.

Fejer, B.G., The equatorial ionospheric electric fields - a review, J. Atmos.
Terr. Phys., 43, 377, 1981.

Bedin, A.E., C.A. Reber, G.P. Newton, K.W. Spencer, H,.C. Brintar, H.G. Mayr, and
W.E. Potter, A global thermospheric model based on spectrometer and incoherent
scatter data, MSIS2 composition, J. Geophys. Res., 82, 2148, 1977.

International Radio Consultative Committee (CCIR), CCIR atlas of ionospheric
characteristice, Rep. 340-3 Recommendation and Reports of the CCIR, 1978,
Vol. 6, Intermational Telecom=uncations Union, Geneva, 1978.

Llewellyp, S.K. and R.B. Bent, Documentation and description of the Bent
Tonospheric Model, AFCRL-TR-73-0657, AD772733, 1973.

Raver, K. in International Reference Iomosphere - IRI79. Editors J.V. Lincoln,
and R.0, Cankright, World Data Center A, NOAA, Boulder, CO, 1981.

Sipler, D.P., M.A, Biondi, and R.G. Roble, FP-region neutral winds and temperatures
at equatorial latitudes: Measured and predicted behavior during
geomagnetically quiet conditions, Planet. Space Sci., 31, 53, 1983,

Torr, D.G. and M.R. Torr, Chemistry of the tber-osphere and foposphere, J.
Atmos. Terr. Phys., 41, 797, 1979,

Torr, M.R., D.G. Torr, R.A. Org, and H.E. Hinteregger, Ionization frequency of
thermospheric constituents as a function of solar cycle 21, Geophys. Res.
Lett., 10, 771, 1979.




-

3NIL W01
2 22 02 01 9 & 20 OO 8 9 & 2 O
T T T T T Y T Y T ™ (o]
-
ﬁ.
-
-
- A - 08
ANWIL VIO -/.T INIG-1M! V¥
N\ NeSisdiQ LEied
SA 7300M VOILAWO0IHL 0—=—0
Sl Y - 06
ﬁ 231 NVP ‘“T300N TVIIHING (¥l V-==--9
NeS'Pl=diQ LEIsY
286 NYr 'vIINYN 331 Q3AY¥3S680 o—o
I 4 'y i F 4 'n g 3 _f 3 2 B

(W/19_01 %) LNILINOD NO¥1D3T3 VIOL

b




2 614
v gWd/19) ALISN3Q NOHLDO3N3
0l 0! 0l
TTTrryr v 7 T im‘—q.ﬂ. LI L} Hmr_\-ﬂ_ﬁ- LIS S | b_ﬁﬂ-.ﬁq L L
o -100¢
- - 00¢
2
— =009 «
-d
S
~ wyje ¢ = m
i ~v_? /19,01 €G =031 oo I
= 3
JW/19_01X88 =03 N /\.\ 2
B \{ IN3E- 1l v——v =—{000I
. T300N
— ‘Nvr ‘L1002 IVIIL3E03IHL O—0 -~002¢!
Not! = dlQ - 3N1308d
ALISN3Q NO¥1O373
P N T | 1 —F-bbf_hFL _b[-.bl- 1 L....- 4 1







